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Abstract
The classic genetics experiment by Salvador Luria and Max
Delbrück showed that mutations are present prior to selection
rather than arising in response to selective pressures. In this
experiment, we used Escherichia coli as our model organism and
the antibiotics streptomycin and rifampicin to show students in a
laboratory setting how this hypothesis can be applied. Specifically,
we optimized antibiotic concentrations and the amount of bacterial
cells to use in order for the activity to run smoothly and
consistently in a student laboratory. We found that the ideal
conditions are 1000 cells/ml and 25 micrograms/ml of
streptomycin. These concentrations showed a larger variance in
the individual cultures while the batch culture had a small variance
supporting the Luria- Delbrück conclusions. Going further, we
completed a variation of the Luria- Delbrück experiment using
antibiotic discs. This modification has the potential to show the
data in a more hands-on way for the students. In addition, we took
samples of the resistant colonies to send for sequencing, and we
will test for the presence of common mutations that confer
streptomycin resistance.
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Overview: The Luria-Delbrück experiment consists of two main
steps to which allow us to clearly see how mutations arise. Batch
and individual cultures are used to analyze each of the proposed
hypotheses. For this experiment, Escherichia coli will be the
model organism of choice. The antibiotic streptomycin will be used
to test for the existence of mutations within the DNA of our model
organism.

25 microgram per milliliter of streptomycin and 1000 cells per
milliliter showed the greatest variance amoung tests run. Different
sized colonies were observed based on the strain of E. coli used.
Larger and smaller colonies were seen while using E. coli B while
only small colonies were seen using E. coli K12. A fresh batch of
streptomycin was made for this experiment. No variance was
seen using previously made streptomycin.

The Luria Delbrück experiment can be successfully completed in
undergraduate laboratories using 25 micrograms per milliliter of
streptomycin and 1000 cells per milliliter of E. coli. Under these
conditions, student can see at least one plate with zero colonies.
This will also allow for further analysis by calculating mutation
rate using the Poisson distribution.

Batch culture: The batch culture consists of a large group of cells
that will be incubated overnight to achieve the large volume of
cells needed for this experiment. This culture will then be diluted
to fit the correct number of cells per milliliter that can be easily
counted on a plate. Next, cultures will be spun down using a
microcentrifuge to collect the cells. Cells will then be plated on
Luria Broth (LB) medium plus streptomycin. Only cells that have a
streptomycin resistance mutation will grow. We should see
approximately the same number of cell colonies on each plate.

The individual culture had a variance of 1537.88 cell/plate
squared while the batch culture had a variance value of 0.33
cells/plate squared (figure 3). This difference would allow the
students to see the large separation between the amount of cells
using a mathematical analysis.

Fresh made streptomycin has to be made before the experiment
has begun. This will allow the resistant cells to grow under the
stressed conditions instead of preventing growth. We have noted
that freeze thaws have also shown negative impact on results.
Streptomycin can ben placed in the freezer for a period of time
then used as long as the streptomycin had been made from
freshly ordered stock.
We noted the differences in colony size can vary based on the
strain of E. coli used in the protocol. Colonies were sent for
sequencing to hopefully show the differences between these
different sized colonies.

Individual cultures: The individual cultures will follow the same
general procedure as the batch cultures. The individual cultures
will be placed into several different test tubes from the parent
culture and incubated. Large differences in the number of colonies
should be seen.

In the Nobel Prize winning experiment from 1943, Salvador Luria
and Max Delbrück wanted to understand how mutations arose
(Murray, 2016). Their two main hypotheses included: (1) that
mutations arise in response to selective pressures that cause nonspontaneous mutations within the genome, and (2) that mutations
happened randomly within the DNA prior to exposure to selective
pressures (Luria & Delbrück, 2014). Through this research, Luria
and Delbrück concluded that mutations happen randomly as well
as are not affected by environmental pressures.

When rifampicin is used, we have noted that the ability for this
experiment to work, rifampicin also has to be made in a fresh
batch weekly or colonies will not grow. Even though this
experiment work properly, this set up is inferior to that of
streptomycin due to the toxicity of the substance. It is safer for
students to use streptomycin rather that rifampicin due to
possible skin damage when PPE is not use correctly. This would
be a good follow up experiment for students to complete of they
would like to test a similar antibiotic.

Figure 3: Data presented from week 1/27 of data collection. This is an example of how
student could present data collected in the laboratory.

Large plates did show some ability to produce streptomycin
resistant cells in the zone of inhibition. Due to the colonies size in
zone of inhibition, we do not know how successful this will be in
student laboratories. The small and faint color was hard for
researchers to see who have worked with E. coli on a regular
basis. Further studies into this project could be using different
strains of E. coli to obtain larger mutated colonies as well as
different concentrations of streptomycin. Muller Hinton agar was
also used as a possible agar to complete this experiment with.
More colonies were seen with this agar and should be used in
the future.

The Luria-Delbrück Fluctuation test is done in genetics
laboratories as a teaching tool for understanding how mutations
occur. As one of the many labs performed in the introductory
genetics labs here at SUNY Geneseo, this exercise can be
improved by having a standard procedure that all students can
use to become proficient in this area of genetics.
We conducted research to refine the protocol for developing a
Luria-Delbrück Fluctuation test that will provide a uniform,
instructional procedure to be implemented in the genetics lab
courses at SUNY Geneseo. We will analyze how cell
concentration, antibiotic concentration of streptomycin, incubation
time, and total culture volume can affect the mutation rate of E.
coli and the outcomes of the Luria-Delbrück Fluctuation test.

Figure 1: The Luria Delbrück Experiment as shown above has batch and individual
cultures which helped to confirm the spontaneous mutation hypothesis. From Schlegel,
et al., 2016.

Figure 4: Results of the 50 microgram per milliliter of rifampicin on the initial trial.

Figure 2: Images of plates counted as students would see in a laboratory of individual
(Left) and batch cultures (right).

Varying the Luria-Delbrück Fluctuation test: Using a
spectrophotometer, the starting amount of cells will be
approximated and we will use 1000 cells for the parent culture.
From the results that are found, we will adjust the number of cells
to see if the procedure can be made more efficient through the
use of more or less cells. We will start with the most well known
value which is the current procedure concentration for each lab
set up. We will then expand upon other ideas based on the results
of our first sample. We will test different cell concentrations, total
culture volume and incubation time.
In the follow up experiments, we will look at different antibiotics
such as rifampicin which shows similar mutation patterns. We will
also use larger sized plates with antibiotic discs as a different
visual form of this experiment. Antibiotic discs placed on a Luria
Broth plate could show mutations within the zone of inhibition
when left to incubate for long periods of time.

Preliminary data for tests run on rifampicin plates show that 1000
cells per milliliter placed on 50 microgram per milliliter plates could
also be a different representation of the Luria Delbrück
experiment. Individual cultures had a variance of 1128.67
cell/plate squared while batch cultures had a variance of 76
cells/plate.
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